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WO 00/67843 



1 PCT/GBO0/0172S 



I Cardiac Defibrillation 

2 

3 This invention relates to cardiac defibrillation, and 

4 in particular (but not exclusively) to an apparatus for 

5 delivering an electrical def ibrillating signal to a 

6 human heart in the state of atrial fibrillation (AF) , 

7 uBing transdermal energy transfer to a passive 

8 implanted device. 
9 

10 Atrial fibrillation is a common heart arrhythmia that 

II increases in prevalence with age. with typically 10% of 

12 people over the age of 70 experiencing an incident. 

13 The process of cardioversion of AF to normal sinus 

14 rhythm (SR) has traditionally been attempted by 

15 pharmacological measures or transthoracic direct 

16 current shock- The former has been limited by variable 

17 cardioversion rates and the risk of side effects, in 

18 particular proarrhythmia . The latter requires sedation 

19 or anaesthesia and high energy shocks, and there is a 

20 high recurrence rate. For these reasons, there has 

21 been interest in catheter-based transvenous atrial 

22 defibrillation and its potential use in an implantable 

23 atrial defibrillator. However, atrial implantable 

24 defibrillators are complex devices requiring on-board 

25 pattern recognition with complex recording and follow- 
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1 up procedures. The need for electrical charging 

2 circuitry using active devices adds to the complexity 

3 and weight of the implant. 
4 

5 The present invention provides an apparatus for cardiac 

6 defibrillation which comprises an external circuit and 

7 an implantable circuit; the external circuit including 

8 an induction transmitting coil and signal generating 

9 means for applying radio frequency pulses of 

10 predetermined shape to the transmitting coil; the 

11 implantable circuit including an induction receiving 

12 coil for receiving pulses when the two coils are in 

13 proximity, and a rectification circuit having an input 

14 connected to the receiving coil and an output driving 

15 electrodes implantable in the heart. 
16 

17 In a preferred form of the invention, for use in atrial 

18 defibrillation, the power transmitted per pulse is less 

19 than about SJ and the radio frequency is in the range 

20 3-30 MHz, typically about 7MHz. 
21 

22 Most preferably, the implantable circuit contains only 

23 passive components . 
24 

25 From another aspect the invention provides a method of 

26 cardiac (preferably atrial) defibrillation which 

27 comprises transmitting pulses of controlled shape and 

28 energy transdermally by high frequency magnetic 

29 induction to a substantially passive implanted circuit 

30 which includes electrodes implanted in the heart. 
31 

32 It is known to transfer energy transdermally by 

33 induction, but only for purposes of recharging 

34 batteries in implanted devices such as pacemakers or 

35 continuously powering implanted devices such as pumps. 

36 It has not hitherto been proposed to use such 
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1 techniques to transfer controlled waveforms for high- 

2 energy physiological stimulation, 
3 

4 An embodiment of the invention will now be described, 

5 by way of example, with reference to the accompanying 

6 drawings , in which: 
7 

8 Figure 1 shows the elements required for controlled, 

9 transdermal energy delivery to a cardiac load; 

10 Figure 2 illustrates the circuitry required external to 

11 the body; 

12 Figure 3 represents the body* internal circuitry; and 

13 Figure 4 illustrates waveforms in the apparatus - 
14 

15 In the apparatus (Figure 1), an appropriately 

16 synchronised trigger pulse is firstly generated, based 

17 on the subject's electrocardiogram (ecg) . This pulse, 

18 after shaping in a pulse generation and shaping circuit 

19 12 to a waveform 1 suitable for AF conversion, is used 

20 to amplitude modulate a radio frequency (RF) carrier 

21 generator 2 at a power level consistent with the 

22 transmission of 1-5 J of energy to the internal load, 

23 itself nominally 50 O resistive- The transmission path 

24 takes the form of a pair of coaxially-aligned transmit 

25 3 and receive 4 inductors constructed in the form of an 

26 RF transformer- The diameters of the coils 3 and 4 are 

27 set so as to optimise energy transfer at a physical 

28 spacing not less than the thickness of the thoracic 

29 wall 13. Both inductors are wound with enamelled 

30 copper wire- The transmitting coil 3 is mounted on an 

31 insulated paddle to facilitate adjustment in its 

32 placement on the subject' s 'body . The implanted 

33 circuitry is mounted on a printed circuit board and 

34 consists of the receiving coil 4 connected to impedance 

35 matching, rectification and wave-shaping components 5. 

36 The final def ibrillating signal is connected to the 
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1 heart {indicated as an electrical load S) by catheters 

2 7, one placed in the lateral right atrium (RA) and the 

3 other in the distal great cardiac vein via the coronary 

4 sinus. Alternatively, any conventional atrial 

5 defibrillation delivery system may be used. 
6 

7 in one example, the coils 3 and 4 are designed to give 

8 optimum inductive coupling at a centre-to-centre 

9 spacing of 20mm. Given a maximum diameter, for 

10 practicability, of the receiving coil 4 of 35mm, the 

11 transmitting coil 3 h** a diameter of 53mm. Both 

12 inductors are wound with 1.5mm enamelled copper wire. 

13 The tranBmitting coil 3 is arranged as a solenoidal 

14 coil, spaced at one turn. The receiving coil 4 is 

15 pile-wound to conserve space in the final implant. 
16 

17 Both inductors in the apparatus are tuned to resonance 

18 at the selected operating frequency of the system, 

19 typically in the range 3-30 MHz. As seen in Fig. 2, 
2 0 the transmitter uses series tuning by capacitor 9. 

21 Fig. 2 also shows a 50 ohm feed 15 from the generator 

22 2, giving an operational loaded Q of approximately 5. 

23 ' Referring to Fig. 3, the receiving coil is parallel 

24 tuned, with capacitive matching to the load € by means 

25 of capacitors CI and C2. A radio- frequency choke 11 

26 provides a DC path for rectifier current. 

27 Rectification and shaping is effected in circuit 16. 
28 

29 Optionally, as shown in Figure 1 a telemetry link 8 may 

30 be incorporated to provide ecg monitoring and feedback- 

31 derived, automatic tuning of the energy delivery 

32 system- Such a link may also be powered from energy 

33 delivered transdermally , by using a low-power transfer 

34 to power up the telemetry link, or to charge an on- 

35 board battery. Alternatively, the ecg could be 

3 6 transmitted via the induction coils using a suspended 



5 

I carrier technique- 
2 

3 As is also indicated in Figure 1, the external 

4 circuitry may include a remote communication link 14, 

5 which may be via telephone communication (landline or 

6 GSM) or via a radio link. This would, for example, 

7 enable the patient's ecg to be transmitted to a 
B hospital for monitoring and for inspection by a 

9 physician. Defibrillation could be activated remotely, 

10 and spoken instructions could be conveyed to the 

II patient. 
12 

13 Atrial defibrillation currently requires a pulse energy 

14 of about 3 to 4 J. By using a tuned inductive coupling 

15 as described, typically at a frequency about 7 MHz, 

16 these energy levels can be transmitted transdermally 

17 while maintaining control of pulse shape and timing, 

18 It is contemplated that by refining the pulse shape, 

19 duration and timing required to achieve defibrillation 

20 the energy necessary could be reduced to 1J or less, 

21 which would be painless to the patient and remove any 

22 need for sedation . 
23 

24 The pulse form 1 shown in Figure 1 is a biphasic pulse, 

25 which is the form we currently prefer. However, other 

26 pulse forms and hence RF envelope shapes may also be 

27 used, such as monophasic and multiple- Fig. 4 

28 illustrates waveforms of the apparatus in more detail. 

29 Fig. 4a is a typical trigger input from an ecg. Fig. 

30 4b shows a typical RF output envelope to the coil 3 as 

31 a single pulse. Fig. 4c shows an alternative RF output 

32 envelope as a burst of two "or more pulses. All pulses 

33 can be controlled in width, and the inter-pulse gap of 

34 Fig. 4c is programmable . Each RF pulse, after 

35 transmission and rectification, results in either a 

36 monophasic or a biphasic (baseband) voltage waveform 
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1 suitable for driving the cardiac load. Fig. 4d shows a 

2 monophasic pulse 17 and a biphasic pulse 18 which can 

3 be produced from the single pulse of Fig. 4a- 
4 

5 Although described above with particular reference to 

6 atrial defibrillation, the invention could find uae in 

7 ventricular defibrillation. Here, though, the required 

8 energy levels are much higher (typically about 15J) - 
9 

10 It will be appreciated that one of the benefits of the 

11 embodiment described is that the implanted hardware is 

12 entirely passive and does not require any implanted 

13 power source. However, the invention does not exclude 

14 the possibility of some active components being 

15 implanted, with a reduced requirement for an internal 

16 source of power. 
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1 CLAIMS 
2 

3 1 . An apparatus for cardiac defibrillation which 

4 comprises an external circuit and an implantable 

5 circuit; the external circuit including an induction 

6 transmitting coil and signal generating means for 

7 applying radio frequency pulses of predetermined shape 

8 to the transmitting coil; the implantable circuit 

9 including an induction receiving coil for receiving 

10 pulses when the two coils are in proximity, and a 

11 rectification circuit having an input connected to the 

12 receiving coil and an output driving electrodes 

13 implantable in the heart . 

14 

15 2 « An apparatus according to claim 1, for use in 

16 atrial defibrillation, in which the power transmitted 

17 per pulse is less than about 5J and the radio frequency 

18 is in the range 3-30 MHz, preferably about 7MHz. 
19 

2 0 3- An apparatus according to claim 1 or claim 2, in 

21 which the signal generating means comprises a radio 

22 frequency generator switched or gated under the control 
2 3 of a pulse generation and shaping means which in turn 
24 is responsive to an ecg synchronisation signal. 

25 

2 6 4 . An apparatus according to claim 3, in which the ecg 

2 7 synchronisation signal is provided via a telemetry 

2 8 transmitter implanted in the patient . 
29 

3 0 5 . An apparatus according to any preceding claim ( in 

31 which the external circuit further includes a telephony 

32 link by which the ecg may 'be transmitted to, and/or the 

33 apparatus controlled from, a remote location- 
34 

3 5 6. An apparatus according to any preceding claim, in 

3 6 which the external and implantable circuits include 
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1 impedance matching components to achieve a high degree 

2 of tuning. 
3 

4 

5 7. An apparatus according to claim 6, in which the 

6 inductive coupling is tuned to resonance. 
7 

8 8- An apparatus according to claim 8, in which the 

9 inductive coupling is tuned to resonance by use of 

10 series resonance in the external circuit and parallel 

11 resonance in the implantable circuit - 
12 

13 9. An .apparatus according to any preceding claim, in 

14 which the implantable circuit contains only passive 

15 component s . 
16 

17 10. A method of cardiac defibrillation which comprises 

18 transmitting pulses of controlled shape and energy 

19 transdermally by high frequency magnetic induction to a 

20 substantially passive implanted circuit which includes 

21 electrodes implanted in the heart . 
22 

23 11. The method of claim 10, in which the electrodes 

24 are implanted to provide atrial def ibrillation. 
25 

26 
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1 The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
SIISm pl>ILJy examination report and its annexes. « any. established on the ,ntemat,onal appl.cat.on. 

2. A copy of the report and its annexes, if any. is being transmitted to the International Bureau for communication 
to all the elacted Offices. 

3 Where required by any of the elected Offices, the International Bureau will prepare an English translate of the 
' report (but not of any annexes) and will transmit such translation to those Offices. 

4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
^STand paying national fees) within 30 months from the priority date (or later in some Ofhces) (Art,cle 
39(1)) (see also the reminder sent by the International Bureau with Form PCT/1B/301 ). 

Where a translation of the international application must be furnished to an elected Office, that translation must 
contain a translation of any annexes to the international preliminary examination report. It is the appl.canrs 
responsibility to prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
PCT Applicant's Guide. , 
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See Notification ot Transmittal of International 



FOR FURTHER ACTION Preliminary Examination Repon (Form PCT/1PEA/416) 
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intemattonal Patent Classification (IPC) or national classification and IPC 
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Applicant 
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jnternahonal prelimlnary exammatl0 n report has been prepared by ft* International Preliminary Examining Authority 
and is transmitted to trie applicant according to Article 36. 

> This REPORT consists ot a total of 7 sheets, including this cover sheet. 

[see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 
These annexes consist ot a total of 3 sheets. 



3. This report contains indications relating to the following items: 
H Basis of the report 



Reasoned statement under Article 35(2) with regari la novelty, inventive step or .ndustnal applcabrtrty. 
citations and explanations suporting such statement 



1 
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III 




IV 
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Certain defects in the international application 
Certain observations on the international application 
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INTERNATIONAL PRELIMINARY prT/PRnn/ni7?s 
EXAMINATION REPORT International application No. PCT/GB00/01725 

I. Basis of the report 

1 With regard to the elements of the international application (Replacement sheets which have been fished to 
' TrlSving Office in response to an invitation under Articie 14 are ^dtom J» j£ - on^s!lynie<f 
and are not annexed to this report since they do not contain amendments (Rules 70, 1 6 and 70. 1 7)h 
Description, pages: 

-j .6 as originally filed 

Claims, No.: 

VM - ■ m with telefax of 26/04/2001 

Drawings, sheets: 

1/3-3/3 * as originally filed 



2 With regard to the language, all the elements marked above were available or furnished to this Aufriority In the 
language in which the international application was filed, unless otherwise indicated under this rtem. 

These elements were available or furnished to this Authority in the following language: . which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1(b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3 With regard to any nucleotide and/or amino acid sequence disclosed In the international application, the 
' international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that trie subsequently furnished written sequence fisting does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments hav resulted in th cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ the drawings. 



sheets: 



5 . B Thisreporthasbeenestab^^ 

considered to go beyond the disclosure as Hied (Rule 70.2(c)). 

(A ny replacement sheet containing soc* amendments must be referred to under item 1 and annexed to tn,s 
report.) 

see separate sheet 

6. Additional observations, if necessary: 

„, Mon-tab.isnr.enl of opinion with regard to novelty, inventive step and industrial applicability 

, ' The questions whether the claimed invention appears to be novel. to Evolve an inventive step (to be non- 
" obvious), or to be industrially applicable have not been exammed .n respect oh 
□ the entire international application. 

H claims Nos. 10.11. 



because: 



I international application, or the said claims Nos. relate to the following subject matter which does 



□ the said i . ^ , ... 

not require an international preliminary exammation (specify). 



□ ,he description. Cairns or drawings 'indicate ozrtcutar elements be/ow) or said claims Nos. are so unc.ear 
that no meaningful opinion could be formed {specify): 



□ the claims, or said claims Nos. are so inadequately supported by .he description that no meaningfu. opinion 
could be formed. 

B no international search report has been established for the said claims Nos. 10.1 1 . 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 

V Reasoned statement under Article 35(2, with regard to novelty, inventive step or industrial applicability; 

citations and explanations supporting such statement 
1. Statement 

Novelty (N) Yes: Claims 2-9 
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No: 



Claims 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



2-4,9 
5-8 



Industrial applicability (IA) 



Yes: 
No: 



Claims 
Claims 



1-9 



2. Citations and explanations 
see separate sheet 

VlL Certain defects In the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIU. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question 
claims are fully supported by the description, are made: 
see separate sheet 
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ad I: 



Qaim 1 has been amended by adding .he passage "and in wh,ch the >•**-»" 
?,T* drts .he elects d,re<*y pulses of a shape v*ich ,s denned by 
%££mm** means of .he externa, circui.-. The meaning o. *.,s passage 
rj22SS PCT, and does no, appear .o supported by *e original drsolosure 
r-ontrarv tothe requirements of Art.19(1),(2)PCT. 

Co earning the clarity, this passage appears to be contradictory ,n itseK. 

and as explained in the description page 5. last paragraph, these b.polar pulses 
Te received by the implantable coil and the signal is then rectified. Thereby its 
: apTrnecessarily aired to a monopo.ar signal. How can one then say that the 
shape of the pulses delivered to the heart is determined by the s,gnal generat.no 
lans of the externa, circuit. Apparently, the shape of the delivered pu,ses ,s 
determined by the rectification circuit of the implantable circurt. 



adV: 
1. 



In this report reference is made to the following document: 

D1... US-A-5 411 537 
D2- US-A-3 796 221 
D3... US-A-4 549 547 

Document D2 discloses an implantable apparatus for delivering electrical 
sTu^on energy to a body organ. ,t is generally known that defibri.,at,on may 
To be achieved by using b» energy stimulation pulse, In that sense, the D2 

apparatus is also considered suitable for cardiac defibrillation. The D2 apparatus 

comprises all constructive features as defined in claim 1: 

-an external circuit (48) and anWlantable circuit (12, cf.fig.1). 
- the external circuit including an induction transmitting coil (32) and s.gnal 
generating means (fig.3) for applying RF pulses of predetermined shape to the 
transmitting coil (cf . col.1 , lines 40-46); 

-Te implantable circui. including an induction receiving coi. (68) fo, recervrng 
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pulses when the two coils are in probity, and a rectification circuit » col.5, 
Hnes 16-19) having an input connected to the receiving co.l (cf. I»g.4) and an 
output driving electrodes implantable in the heart (cf. f.gs.4-9). 

Accordingly, the apparatus claim 1 in its purely constructive features lacks novelty 
in view of D2 so that the requirement of Art.33(2) PCT is not met. 

3 -The additional features as defined in current dependent claims 5-8 appear 

conventional in the context of implantable stimulators. Their inc.us.on ,n , . ^device 
as known from D2 does not provide for inventive 

amounts to the use of a known feature for its known purpose (Art.33(3) PCT). 

daim A telephone .ink for transmission of data, eg. EGG data is generally known in the 
art. the D1 apparatus has a telemetry unit (26) by means of which ECG data may 
be read into the microprocessor. 

claim 6: Impedance matching components, see D1, coUO. line 25: ferrite core; 

C,a,m ™ the inductive coupling is tuned to resonance is obvious when optimisation of 
energy transfer is required as is the case with the D1 apparatus- that such 
resonance tuning may be achieved by use series and parallel resonance crcurts 
is generally known to one skilled in the art. 

4 The features as defined in claims 2-4 and 9 do not appear to be known in the 
" present context. The use of RF in the range of 3-30MHz does not appear obv.ous 
in the context in that D1 suggests 10 to 40 kHz (col.10, lines 25.26) and D3 
suggests use of 60 kHz (col.3, line 5). This feature is considered advantageous for 
a defibrillator when higher pulse energies need to be transmitted transdermal^ 
Claim 2 and claims 3-9 when dependent on the former thus meet the 
requirements of Art.33 PCT. 
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ad VII: 

1. 



The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 



2 Independent claim 1 is not in the two-part form in accordance with Rule 6.3(b) 
PCT which in the present case would be appropriate, with those features known 
in combination from the prior art (see document D2 and item V.2. above) being 
placed in a preamble (Rule 6.3(b)(1) PCT) and with the remaining features being 
included in a characterising part (Rule 6.3(b)(ii) PCT). 

3. Contrary to the requirements of Rule 5.1 (a)(ii) PCT. documents D1 and D2 are not 
identified in the description and their relevant prior art has not been mentioned, 
although the latter does not apply for D1 in view of page 2, last paragraph of the 
description of this application. 



ad VIII: 



1 , The description should have been brought into conformity with claim 1 . A variance 
to the invention as defined in the claim 1 appears to exist at page 4, lines 34,35. 
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An apparatus for cardiac defibrillation whxch 
comprises an external circuit and an 
implantable circuit; tie external clrcuxt 
Eluding an induction transmitting coil and 
signal generating means lor applying radio 
frequency pulses of predetermined shape to the 
transmitting coil; the implantable circuit 
iBcludAug an induction receiving coil for 
receive said pulses wne* the two coil* are an 
proximity* and. a rectif ication circuit having 
an input connected to the receiving coil and an 
output driving electrodes which axe implantable 
in toe heart; and in which the ratification 
circuit drives the electrodes directly with 
pulses of a shape which is determined by the 
signal generating means of the external 
circuit. 

to apparatus according to Claim l.for use in 
atrial defibrillation, in which the power 
transmitted per pulse is 1«- «»» SJ 
the radio frequency is in the range 3-30 MHz, 
preferably about 7MHz- 

fta apparatus according to Claim x or Claim 2, 
in wbich the signal -generating means comprises 
a radio frequency generator switched or gated 
under the control of a pulse generation showing 
means which in turn is responsive to an ecg 
synchronisation signal- 
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